The interaction of rheumatoid sera with gamma globulin has been known for many years. This reaction, detectable by a variety of serological tests (sensitized sheep cell agglutination, latex fixation, FII precipitin, etc.), has been found, in recent years, to be mediated by a macroglobulin commonly called the rheumatoid factor (2) . Similar if not identical macroglobulins have been detected in the sera obtained from patients with a variety of chronic granulomatous and inflammatory diseases (tuberculosis, sarcoidosis, kalaazar, syphilis, etc.) (3) (4) (5) . Although considerable clinical and experimental work has been done in this area, the significance of these factors remains uncertain. Widely held at the present time is the concept that the rheumatoid factor represents an antibody specific for gamma globulin in an altered form (6) . In support of this concept are a) the striking physicochemical and immunological similarities between the rheumatoid factor and certain well-established macroglobulin antibodies (typhoid-O agglutinins, antipneumococcal antibody, isoagglutinins, etc.) (7); b) the plasma cell origin of the rheumatoid factors (8) ; and c) the marked specificity shown by the closely related anti-Gm factors for the genetically determined gamma globulins (9) . Very little is known, however, of the antigenic stimulus and the immunizing events, deficiencies which have retarded acceptance of the rheumatoid factor as an antibody in the classic sense.
Recently, complexes of gamma globulin with sedimentation coefficients between 7 and 19 S have * A preliminary report of this work was presented at the ninth interim scientific session of the American Rheumatism Association, Richmond, Va., December 7, 1962 , and appeared in abstract form (1) . This work was supported by grant AM-03986-03S1, from the National Institutes of Health, Bethesda, Md., and by grant G19 381, the National Science Foundation.
been found in the sera of patients with rheumatoid arthritis (10), Sjdgren's syndrome, and idiopathic pulmonary fibrosis (11) . Kunkel, MullerEberhard, Fudenberg, and Tomasi (10) found these complexes in the euglobulin fraction of the serum and showed that they were dissociated to 7 S subunits by acid buffers and 4 to 6 M urea, but not by sulfhydryl reagents. Since many of the properties of these complexes were similar to those of the 22 S complexes frequently seen in rheumatoid sera, it was suggested that the intermediate complexes represented the in vivo interaction of gamma globulin with 7 S rheumatoid factor.
The existence of a low-molecular-weight rheumatoid factor analogous to the 7 S counterparts of the classical macroglobulin antibodies would constitute further presumptive evidence for the antibody nature of the rheumatoid factor.
The results of this investigation indicate the existence of two varieties of rheumatoid factor in some rheumatoid sera having intermediate complexes. One is the sulfhydryl-sensitive 19 S rheumatoid factor, the other a low-molecular-weight factor that is stable in the presence of sulfhydryl reagents.
MATERIALS AND METHODS
Twelve serum samples obtained from eight patients were studied. The sera, obtained from several sources,' are listed in acetamide in 0.85% saline, rheumatoid factor activity was determined. Control sera were treated as above except that 0.85% saline was added instead of 2-mercaptoethanol.
The latex fixation test of Singer and Plotz (16) was used to determine rheumatoid factor activity in the density gradient and chromatographic fractions and in the disulfide reduction experiments. Double diffusion in 1%o agar gel was performed as described previously (17) with rabbit antisera to localize the albumin and 7 S and 19 S gamma globulins in the density gradient and chromatographic experiments.
RESULTS
Analytical ultracentrifugation. A considerable variation in ultracentrifuge patterns, protein concentrations, and latex fixation titers of the four serum samples obtained from Em over a period of one year is seen in Figure 1 and Table I . A broad distribution of proteins with sedimentation constants greater than 7 are noted in the serum of July, 1961. The sharp peak of 17 to 19 S in this sample was not present in any of the other samples studied. After a prostatectomy complicated by an E. coli septicemia, the serum of January, 1962, showed a marked diminution of intermediate complexes coincident with a near-normal gamma globulin (1.56 g per 100 ml) and a much lower latex fixation titer (1/1,280 (Figure 3c) .
Density gradient ultracentrifugation. The distribution of rheumatoid factor activity in all experiments fell into one of two groups exemplified by the sera Db ( Figure 4 ) and Em ( Figure 5 ). Column chromatography. The chromatographic experiments are summarized in Table II . Two patterns of distribution of rheumatoid factor activity were noted. In serum Dn (Figure 6 ), the activity was found in the postalbumin eluate of the chromatograph (80 to 140 ml) where 19 S gamma globulin was present. In serum Em (Figure 7 ), however, a bimodal distribution of activity with peak activity in the initial protein eluate (fall-through, 20 to 42 ml), albumin (86 to 105 ml), and postalbumin regions is seen. 19 S Gamma globulin was not detected in any of the prealbumin fractions.
All active prealbumin fractions contained variable amounts of acid-dissociable intermediate complexes. The fall-through peak of serum Em (20 to 42 ml, approximately; Figure 8 ), contained 67% 7 S and 33% 10 S gamma globulin.
The 10 S complexes dissociated completely into 7 S gamma globulin in acid buffers (pH 3.0).
Some variability of the chromatographs obtained from sera Em and Do was noted. The active complexes were eluted in either the fallthrough peak, or prealbumin region, or in both Effect of 2-mercaptoethanol on rheumatoid factor activity. In sera with no intermediate complexes, rheumatoid factor activity was completely abolished when made 0.1 M with respect to 2-mercaptoethanol. Considerable reactivity remained, however, in sera with intermediate complexes when similarly treated (Table II) . DISCUSSION Three interpretations of the interaction of rheumatoid factor with gamma globulin have been proposed: a) nonspecific, b) complement-like, and c) antigen-antibody. It seems unlikely that the interaction is nonspecific in view of the apparent specificity of the rheumatoid factors for human, or animal gamma globulins, or both (18) , and the recently demonstrated specificity of the anti-Gm factors for native gamma globulin of different Gm specificities (9) . The affinity of rheumatoid factor for antigen-antibody complexes has suggested a complement-like action (19) . The nonidentity of rheumatoid factor with any of the main components of complement, or with conglutinin, or properdin makes this hypothesis unlikely (20) , although it does not exclude the possibility that the rheumatoid factor is a complement-like substance of a type not previously described.
Most widely held at the present time is the concept that the rheumatoid factor is an antibody against gamma globulin. This hypothesis is supported by the many similarities between rheumatoid factor and the high-molecular-weight antibodies (7) . Both are gamma, globulins with approximately 10% carbohydrate and a molecular weight of about 1,000,000. Both are dissociable into 7 S subunits with sulfhydryl reagents, have antigenic determinants in common, and are synthesized by cells of the lymphocyte-plasma cell series (8) .
Although the natural antigen is unknown, the increased reactivity of rheumatoid factor with aggregated gamma globulin suggests that the antigenic stimulus may be gamma globulin in an altered form. Antigen-antibody complexes with biological effects similar to those of aggregated gamma globulin (21) have been suggested as natural antigens (6) . This concept is supported by the findings of Milgrom and Dubiski (22) of rheumatoid factor-like substances in rabbits immunized with isologous antigen-antibody complexes. Rheumatoid factor-like substances have also been demonstrated in rabbits immunized with pure ovalbumin (23) and with E. coli grown on a synthetic medium (24) . The immune complexes (ovalbumin-antiovalbumin, E. coli-anti-E. coli) produced in these animals presumably stimulated the production of rheumatoid-like factors. More difficult to understand, however, is the occurrence of anti-Gm factors in some rheumatoid sera that are specific for Gm types not present in those sera (25) .
As a result of uncertainties such as these and the lack of more direct evidence concerning the natural antigen and immunizing events, the antibody nature of the rheumatoid factors can be considered suggestive, but not firmly established at the present time.
The finding of intermediate complexes in some rheumatoid sera by Kunkel and co-workers (10) led to a new approach to this problem. These workers suggested that the intermediate complexes may represent a low-molecular-weight rheumatoid factor, although they were unable to demonstrate any interaction between the isolated complexes and aggregated gamma globulin in the FII precipitin test, or in the Rh rheumatoid test. However, alterations in the pattern of the complexes produced by adding normal gamma globulin to the serum were reminiscent of antigen-antibody complexes formed in antigen excess.
The report by Meltzer and Franklin (26) of a single serum with acid dissociable intermediate complexes whose rheumatoid factor and cryoglobulin activity resided in the 7 S portion of the serum is consistent with this hypothesis. Also pertinent are the studies of Osterland, Harboe, and Kunkel (27) which demonstrated the agglutination of red blood cells sensitized with a pepsintreated, incomplete, anti-Rh antibody by a 7 S component of rheumatoid sera. 19 S Rheumatoid factor agglutinated only red blood cells sensitized with untreated, incomplete, anti-Rh antibody.
In this study, a factor that interacts with human gamma globulin in the latex fixation reaction, but is stable in the presence of sulfhydryl reagents has been demonstrated in sera containing intermediate complexes. Hypergammaglobulinemia per se was not related to the presence of low-molecular-weight rheumatoid factor, since these factors could not be demonstrated in serum Yd (elevated 7 S) or in serum Be (elevated 19 S), although both contained rheumatoid factor in high titer. The factor sediments in the 7 S and intermediate regions of a density gradient and in prealbumin chromatographic fractions. The intermediate complexes, readily dissociable in moderately acidic media, may consist of normal gamma globulins complexed with other gamma globulins containing the specific rheumatoid-factor combining sites. Low-molecular-weight rheumatoid factor activity, however, was demonstrable only in those chromatographic fractions containing intermediate complexes (10 to 14 S), and not in fractions consisting entirely of 7 S gamma globulin. The possibility exists, therefore, that the complexes and not their acid-dissociable products are the smallest molecules containing the specific rheumatoid-factor combining sites.
It may be postulated that molecules of gamma globulin capable of complexing with other gamma globulins are synthesized in some rheumatoid patients by processes that may or may not be immunologic in nature. Since the complexes are dissociable in moderate acid or alkali, but stable in the presence of sulfhydryl reagents, neither peptide nor disulfide bonds are involved in the complexing process. The interaction, therefore, probably involves electrostatic and possibly other forces, and results in both complex formation and perhaps the creation of the unique secondary and tertiary structure that contains the specific rheumatoidfactor combining sites.
A mechanism such as this is not unreasonable in view of recent findings concerning the relationship of structure to activity of the enzyme ribonuclease. Vithayathil and Richards (28) fractionated ribonuclease by the hydrolysis of a single peptide bond into a twenty-carbon peptide and a residual protein fragment. These products, by themselves inactive, interact and regain full activity when mixed together. In the presence of moderate acidity, however, the complex is dissociated with complete loss of activity, indicating the participation of noncovalent bonds in the determination of a structure appropriate to the formation of an active enzyme.
The The variation in rheumatoid factor found in serum Sn, however, was not attended by any change in therapy, or by any apparent change in clinical status. Clearly, a larger series is necessary before any relationship between disease activity and 7 S rheumatoid factor can be established. Low-molecular-weight rheumatoid factor has been detected only in those sera containing intermediate complexes. It seems likely, however, that complexes are present in many rheumatoid sera in amounts too small to be demonstrable by analytical ultracentrifugation. In retrospect, small amounts of intermediate complexes have been found in many rheumatoid sera. It is difficult, however, to identify them with certainty with the complexes described here. An analogous situation is known to exist with respect to 19 S rheumatoid factor, which forms 22 S complexes in sufficient amount to be demonstrable by analytical ultracentrifugation only in those rheumatoid sera with high titers in the latex fixation reaction (2) .
Attempts to isolate 7 S gamma globulins with rheumatoid factor activity from sera containing intermediate complexes are currently in progress. Determination of the specificity or lack of specificity of the low-molecular-weight rheumatoid factors for antigen-antibody complexes, animal gamma globulins, and gamma globulins of different Gm specificities would also be of considerable interest. Preliminary data suggests that the 7 S rheumatoid factors are not reactive with rabbit gamma globulin in the sensitized sheep-cell agglutination reaction.
The existence of 7 and 19 S forms of rheumatoid factor, analogous to the low-and high-molecular-weight forms of many other antibodies, supports the concept of the antibody nature of these factors. It must be emphasized, however, that these findings constitute circumstantial, and not direct, evidence for this theory.
SUMMARY
The distribution of rheumatoid factor activity in sera with and without acid-dissociable intermediate complexes has been studied by means of density gradient and analytical ultracentrifugation, column chromatography, and disulfide bond reduction experiments.
In sera with intermediate complexes, a bimodal distribution of activity noted in density gradient and chromatographic experiments indicates the presence of a low-molecular-weight rheumatoid factor in addition to the classical 19 S type. Treatment with 2-mercaptoethanol completely inactivated control rheumatoid and hypergammaglobulinemic sera, but considerable activity remained in similarly treated sera with intermediate complexes. Considerable variability in the amount of intermediate complex and in the titer of rheumatoid factor was demonstrated in several sera drawn at different times.
The possible significance of these findings in terms of the antibody nature of the rheumatoid factors is discussed.
